Glucocorticoid receptors (GRs) shuttle from the cytoplasm (cy) to the nucleus (nu) when bound with 27 glucocorticoids (i.e. GR internalization) and alter transcriptional activity. GR activation within the fear 28 circuit has been implicated in fear memory and post traumatic stress disorder (PTSD). However, no study 29 to date has characterized GR internalization within the fear circuit during fear memory formation or 30 examined how traumatic stress impacts this process. To address this, we assayed cy and nu GR levels at 31 baseline and after auditory fear conditioning (FC) in the single prolonged stress (SPS) model of PTSD.
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These substrates were selected, because they are critical nodes of the fear circuit (41) (42) (43) (44) (45) . Results
82
suggest that distribution of GRs in the cy and nu at baseline and after FC was varied across these nodes of 83 the fear circuit. The effects of SPS on cy and nu GR levels at baseline and after FC was restricted to the 84 dHipp and AMY. SPS increased cyGR levels in the dHipp at baseline, but decreased cyGR levels in the 85 dHipp after FC. SPS decreased cyGR levels in the AMY at baseline, but increased cyGR levels in the 86 AMY after FC. SPS also disrupted GR internalization in the AMY brought on by FC.
87

MATERIAL AND METHODS
88 Animals
89
Eighty-eight male Sprague-Dawley rats (~ 150 -250 g upon arrival) obtained from Charles River
90
Inc. were used in this study. Upon arrival, rats were housed in pairs during a five day acclimation period 91 with ad libitum access to food and water. Following SPS and control procedures, rats were individually 92 housed and restricted to 23g/day of standard rat chow per the manufacturer's recommendation (LabDiet
93
St. Louis MO) with ad libitum access to water. Experiments commenced following the animals' 94 acclimation period. The rats were on a 12 hour light/dark cycle and all experimental procedures were 95 performed in the animals' light cycle between the hours of 9:00 am and 2:00pm. All experiments were 96 approved by the University of Delaware Institutional Animal Care and Use committee following 97 guidelines established by the NIH.
98
SPS and Behavioral Procedures
99
All rats were randomly assigned to the SPS or control stress group prior to SPS. SPS was 100 conducted as previously described (33, 46) and consisted of two hours of restraint, followed by 20 101 minutes of forced swim, then ether exposure until general anesthesia was induced. Control rats were 102 placed into a novel room in their home cages while SPS occurred. A post-stress incubation period of effects (32, 33) . time points were selected, because previous studies have shown that corticosterone levels are elevated 115 immediately after FC, sustained for approximately 30 minutes, but after this time point begins to decrease (47) (48) (49) . As a result, these time points are appropriate for examining changes in GR internalization 117 induced by enhanced adrenal corticosterone release.
116
118
All animals were euthanized via rapid decapitation and their brains were immediately extracted 119 and flash frozen in isopentane chilled on dry ice. Brains were then stored in a -80C freezer until further 120 processing. To dissect brain regions, brains were thawed to -13C cryostat (Leica CM1350) and 300 µm 121 coronal sections through the mPFC, AMY, dHipp, and vHipp were taken and these brain regions 122 dissected out and placed into 1.5 mL microtubes. Dissected brain regions in microtubes were then stored 123 in a -80C freezer.
124
Western Blot
125
All brain sections were treated to separate cy and nu fractions using a method described by 126 Spencer et al., (50) . We empirically tested this protocol to ensure it was successful at separating cy and nu 127 fraction (see Appendix). Dissected brain regions were homogenized in 250 L of buffer (50mM Tris treated as the nu fraction of brain tissue.
139
The protein concentration of cy and nu fractions were increased using protein concentrator subjected to several washes in 0.5 M TBS with 0.1% Tween-20 then a 3 hour incubation at room 152 temperature with polyclonal goat anti-rabbit (800CW) (1:500, Li-COR) and anti-mouse IgG (680RD) Fear-conditioned freezing was averaged in trials that consisted of a CS and respective ISI (e.g. CS1 and 159 ISI1) and analyzed using a stress (SPS vs. control) × trial (baseline, trials 1-5) factor design, with trial 160 being a repeated measure. The condition factor was pooled because rats in the FC0, FC30, and FC60 161 levels were treated in an identical manner during FC.
162
In order to reduce variability in western blot data, representative rats from each independent 163 factor (i.e. stress and condition) were always included in each protein assay and western blot. The
164
integrated intensity (I.I.) of GR and β-actin protein bands were scored using ImageStudio. The profile 165 curves of all bands were inspected to ensure that there was significant I.I. signal above the background 166 within each lane in every western. For all statistical analyses cyGR and nuGR were expressed relative to 167 cy-actin and nu-actin to yield relative GR levels. We also divided relative nuGR levels (nuGR/nuAct)
168
into relative cyGR levels (cyGR/cyAct) to yield a single measure of GR internalization (i.e. nGR/cGR) in 169 all brain regions.
170
A stress x fraction (cy vs. nu) factor design was used to examine the effect of SPS on relative 171 cyGR and nuGR levels at baseline, with fraction being a repeated measure. T-test (SPS vs. control) was 172 used to analyze baseline nGR/cGR ratios. A stress x fraction x condition (FC0, FC30, FC60) factor design 173 was used to examine changes in relative cyGR and nuGR levels after FC. A stress x condition factor 174 design was used to examine changes in nGR/cGR ratios. To specifically examine how cyGR and nuGR 175 levels changed after FC, relative cyGR, nuGR, and nGR/cGR ratios in the condition factor were 176 expressed as a percent change from baseline. These normalized values were subjected to separate stress x 177 condition factor designs. simple comparisons were analyzed using independent, paired sample, or one sample t-test with a fear memory. There was also a significant stress x trial interaction [F (5,125) = 2.669, p = .036]. This was 186 driven by enhanced freezing in SPS rats during FC trial 1 of FC in comparison to control rats [t (25) = 187 2.268, p = .032]. However, at the end of FC all animals had equivalent levels of freezing (p > .05), which 188 suggests SPS did not alter acquisition of FC; a finding consistent with previous studies (31, 32, 34) . These 189 results are illustrated in Figure 2 .
Effect of SPS on acquisition of fear conditioning (FC). Even though SPS enhanced conditioned freezing 193 during trial 1 of FC, SPS did not affect acquisition of FC. SPS = 15, control = 12.
194
Sample western is shown in Figure 3A .
Effect of SPS on GR internalization in the vHipp. A) Cartoon of dissected brain region and representative 202 western of cytoplasmic (cy) and nuclear (nu) vHipp samples. B) SPS had no effect on baseline GR levels 203 or nGR/cGR ratios (SPS = 12, Con = 13). C) Cy GR levels were enhanced during FC. SPS had no effects on relative GR levels or nGR/cGR ratios after FC. D) SPS had no effect on normalized GR levels or 205 nGR/cGR ratios, but both cy and nu GR levels were enhanced relative to baseline levels. Also, nGR/cGR 206 levels after FC were decreased relative to baseline. + -significant one-sample t-test. SPS/0' = 12, SPS/30' 207 = 8, SPS/60' = 9; Con/0' = 11, Con/30' = 7, Con/60' = 7.
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Relative baseline GR levels and nGR/cGR ratios were unaffected by stress and relative baseline cyGR 211 and nuGR levels were equivalent ( Figure 3B , ps > .05). However, there was a rise in cyGR levels, relative 212 to nuGR levels, after FC. This was revealed by a main effect of fraction [F (1,48) = 11.149, p = .001; Figure   213 3C]. There were no stress or condition effects on relative GR levels or nGR/cGR ratios after FC ( Figure   214 3C; ps > .05). There was no effect of stress on normalized GR levels after FC (p > .05). However, there Figure 3D .
dHipp 221
A sample western is shown in Figure 4A .
Effect of SPS on GR internalization in the dHipp. A) Cartoon of dissected brain region and representative 225 western of cy and nu dHipp samples. B) At baseline, cy GR levels were enhanced relative to nu GR levels 226 and this enhancement was further increased in SPS rats. SPS had no effect on nGR/cGR ratios (SPS = 9, 227 Con = 13). C) Cy GR levels, relative to nu GR levels, were enhanced after FC. SPS had no effects on 228 relative GR levels or nGR/cGR ratios after FC. D) Normalized cy GR levels in SPS rats were enhanced 229 relative to control rats. This effect was most pronounced at the FC-60 time point. One sample t-test revealed that SPS decreased normalized cy GR levels after FC. SPS had no effect on normalized nu GR 231 levels or nGR/cGR ratio. * -significant effect of stress. + -significant one-sample t-test. SPS/0' = 10,
232
SPS/30' = 8, SPS/60' = 9; Con/0' = 12, Con/30' = 9, Con/60' = 6.
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There was a main effect of fraction [F (1,20) baseline nGR/cGR ratios was not significant (ps > .05). These results are illustrated in Figure 4B .
241
Relative cyGR was higher when compared to nuGR [main effect of fraction: F (1,48) = 27.056, p <
242
.001] after FC. There were no significant effects of stress and/or condition (ps > .05). There were no 243 stress and/or condition effects for nGR/cGR ratios after FC (ps > .05). These results are illustrated in 244 Figure 4C . There was a main effect of stress for normalized cyGR levels [F (1,48) = 5.707, p = .021] that 245 was driven by lower levels of cyGR in SPS rats. This effect was pronounced at the FC60 time point.
246
Significant one sample t-test for SPS rats [t (26) = 3.624, p = .001], but not control rats (p > .05), also 247 supported the assertion that cyGR levels were decreased in SPS rats after FC. There were no significant 248 stress and/or condition effects on relative nuGR levels or nGR/cGR ratios after FC (ps > .05). These 249 results are illustrated in Figure 4D .
AMY 251
A sample western is shown in Figure 5A .
Effect of SPS on GR internalization in the AMY. A) Cartoon of dissected brain region and representative 255 western of cy and nu AMY samples. B) Relative cy GR levels were enhanced in comparison to nu GR ratios after FC were observed in control rats, which suggests enhanced GR internalization. This effect was 261 not observed in SPS rats. + -significant one-sample t-test. * significant effect of stress. SPS/0' = 7,
262
SPS/30' = 5, SPS/60' = 6; Con/0' = 8, Con/30' = 7, Con/60' = 4.
Effect of SPS on GR internalization in the AMY. A) Cartoon of dissected brain region and representative 266 western of cy and nu AMY samples. B) Relative cy GR levels were enhanced in comparison to nu GR 267 levels. This effect was decreased in SPS rats. This effect approached statistical significance (p = .057).
268
SPS had no effect on nGR/cGR ratios at baseline (SPS = 6, control = 10). C) Cy GR levels were enhanced 269 during FC. SPS had no effects on relative GR levels or nGR/cGR ratios after FC. D) SPS enhanced 270 normalized cy GR levels. This effect approached statistical significance (p = .064). Enhanced nGR/cGR 271 ratios after FC were observed in control rats, which suggests enhanced GR internalization. This effect was 272 not observed in SPS rats. + -significant one-sample t-test. * significant effect of stress. SPS/0' = 7,
273
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There was a significant main effect of fraction [F (1,14) = 28.224, p < .001] for baseline relative GR,
277
which reflected enhanced cyGR levels relative to nuGR. This effect was attenuated in SPS rats, which 278 was suggested by a stress x fraction interaction that approached significance [F (1, 14) = 4.307, p = .057].
279
There was no effect of stress on baseline nGR/cGR ratios (p > .05). These results are illustrated in Figure   280 5B. main effect of fraction [F (1, 31) = 48.734, p < .001]. There were no effects of stress and/or condition on condition on normalized cy and nu GR levels (ps > .05). There was a main effect of stress on normalized 287 nGR/cGR ratios [F (1,31) = 5.607, p = .024], which was driven by a failure to enhance nGR/cGR ratios after 288 FC in SPS rats. This interpretation was supported by one sample t-test that was significant for control rats
289
[t (18) = 2.637, p = .034], but not SPS rats (p > .05). These findings suggests that FC enhanced GR 290 internalization in the AMY and this effect was attenuated by SPS (see Figure 5D ).
mPFC 292
A sample western is shown in Figure 6A .
Effect of SPS on GR internalization in the mPFC. A) Cartoon of dissected brain region and representative 296 western of cy and nu mPFC samples. B) SPS had no effect on baseline GR levels or nGR/cGR ratios, but 297 cy GR levels were enhanced relative to nu GR levels (SPS = 7, control = 9). C) Relative cy GR levels 298 were enhanced during FC. SPS had no effects on relative GR levels or nGR/cGR ratios after FC. D) SPS 299 had no effect on normalized GR levels or nGR/cGR ratios. * significant effect of stress. SPS/0' = 8,
300
SPS/30' = 4, SPS/60' = 5; Con/0' = 6, Con/30' = 5, Con/60' = 4.
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There was a main effect of fraction [F (1, 14) = 10.147, p = .007] for relative baseline GR, which reflected 304 enhanced cyGR, relative to nuGR, in the mPFC. There was no significant stress effect for relative 305 baseline GR levels or nGR/cGR ratios ( Figure 6B ; ps > .05). Relative cyGR levels after FC was enhanced 306 in comparison to nuGR levels. This was revealed by a main effect of fraction [F (1,26) = 4.367, p = .047]. substrates that comprise the fear circuit we were able to examine how the distribution of GRs in the cy 313 and nu (i.e. GR dynamics) changes with SPS exposure and after FC. The results suggest there is selective 314 regulation of GR dynamics within individual neural substrates of the fear circuit at baseline and with FC.
315
Baseline cyGR was enhanced relative to nuGR in all brain regions except for the vHipp. FC had no effect 316 on GR dynamics in the mPFC and dHipp, but increased cy and nu GR levels in the vHipp. In spite of this 317 there was an overall decrease in vHipp GR internalization after FC. Enhanced GR internalization after FC 318 was only observed in the AMY. Thus, glucocorticoid release (whether at baseline or stress-induced) does 319 not uniformly determine GR trafficking between the cy and nu within the fear circuit.
320
SPS disrupted GR dynamics in the dHipp and AMY at baseline and after FC, with cyGRs being 321 sensitive to SPS in both brain regions. SPS enhanced cyGRs in the dHipp, but decreased cyGRs in the 322 AMY at baseline. These effects were inverted after FC with lower cyGRs in the dHipp of SPS rats, but 323 enhanced cyGRs in the AMY. The enhancement in GR internalization in the AMY observed in control 324 rats was disrupted by SPS. A previous study has observed that systematically inhibiting GR activation 
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Previous studies have also shown that GR activation in the dHipp and AMY enhance memory 332 consolidation in non-stressed rats (see Introduction), which at first appears contrary to the hypothesis that fear memory more resistant to the inhibitory effects of extinction. Indeed previous studies have observed 339 that the stress of FC inhibits the formation of extinction memory (51). Further research is needed to 340 examine these possibilities. 
